Introduction
The time-dependent pattern of variation exists in most biological processes and functions of living organisms. 1 The circadian rhythm is defined as the rhythmic patterns of oscillation with a period of ∼24 hours. The circadian timing system, containing central and peripheral oscillators, 2 is responsible for the generation of the rhythmic variation. The central pacemaker and master oscillator, located at the suprachiasmatic nuclei of the brain, are entrained to the environmental light-dark cycle via photon, which is conveyed by the retinohypothalamic tract and synchronizes slave oscillators in peripheral tissues. 3, 4 Up to now, several biological clock genes have been confirmed, such as ARNTL1, clock (circadian locomotor output cycles kaput), period 1, 2 and 3 (PER1-3), cryptochrome (CRY1 and CRY2), timeless (TIM), timeless-interacting protein (TIPIN), and CSNK1Ε (encoding casein kinase 1-epsilon, CK1ε). The molecular components, which generate circadian rhythms of the circadian/biological clock, constitute a unique collaboration mechanism of genes and proteins via transcriptional, translational, and posttranslational procedures.
PER1-3, CRY1 and CRY2 can be transcriptionally activated by the CLOCK and ARNTL1, which are the basic helix-loop-helix/Period, Aryl-hydrocarbon-receptor, Single minded (PAS) transcription factors, heterodimerizing and binding to the elements of E-box enhancer in the gene promoters. In contrast, CRY and PER proteins form the repression complex, translocating back into the nucleus and interacting with submit your manuscript | www.dovepress.com
Dovepress

1998
Wang et al CLOCK and ARNTL1, resulting in the loss of their activity. 5, 6 As a core circadian clock gene in Drosophila melanogaster, TIM is also retained in mammals. However, the influence of mammalian circadian system on clock function is not yet clear. By interacting with the components of the DNA replication system, TIM could regulate DNA replication processes, which are essential for ataxia telangiectasia and Rad3-related-checkpoint kinase 1 (ATR-Chk1)-mediated as well as ataxia telangiectasia mutated-checkpoint kinase 2 (ATMChk2)-mediated signaling and S-phase arrest. 7 As more and more incidence of various cancers has been reported by epidemiological studies, the temporal organization variation in body, defined as the circadian disruption, is nowadays considered to be an important risk factor for cancer. 8, 9 Approximately 5%-15% genome-wide mRNA expressions, including key cell cycle regulators, tumor suppressors genes, and oncogenes, are circadian rhythmic, which are driven by biological clock genes, whose expression regulates the timing of DNA repair, apoptosis, and cell proliferation. The cycle progression of the cells is tightly regulated by the circadian system, including the control of cell proliferation and apoptosis, as well as clocking the transcription and posttranslational modification for key proteins. The deregulated cell proliferation may occur in case of the circadian clock disruption, implicating in many types of cancers. 10, 11 Overexpression of PER1 in cancer cell lines of humans leads to the reduction of colony formation and clonogenic expansion and altered expression of transcriptional target genes, such as MYC and p21. For the PER2, a mutation has been investigated to accelerate the generation of intestinal polyp in APC Min/+ mice, and an increase in hyperplasia and neoplasia under γ-radiation has been shown in PER2-null mice. 12, 13 Based on the analysis of two different mouse models of breast cancer, PER3 was putatively considered to be a tumor suppressor gene. Moreover, for patients with estrogen receptor-positive tumors treated with tamoxifen, and especially for those without chemotherapy, breast cancer recurrence has been observed to be related to the deletion and/or reduction in the expression of PER3 gene. 14 In humans, deregulation or polymorphism of the PER, CRY, and TIM genes is associated with a number of neoplastic and hemolymphoprolipherative diseases. 15, 16 Recently, there is a great deal of interest in the alteration of clock gene and clock-controlled gene expression in colorectal cancer (CRC) patients. 17, 18 CRC accounts for ∼10% among all kinds of cancers, becoming the third most common cancer and the fourth most common for death all over the world. 19, 20 In this study, the expression levels of PER and CRY genes in human CRC tissues and matched normal mucosa were evaluated to explore the relationship between their expressions in tissue with cancer and the clinical and pathological features of CRC patients.
Patients and methods Patients
Primary tumor samples and matched normal tissues were obtained from 19 recently diagnosed CRC patients (13 men and six women) in our hospital who had had curative surgery. Clinical data, tumor characteristics, location, and staging of these patients are listed in Table 1 . All tissue specimens 
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Pathological features of colorectal cancer patients were collected between 9 am and 5 pm in a same day (9 am to 11 am five samples, 11 am to 1 pm four samples, 1 pm to 3 pm six samples, and 3 pm to 5 pm four samples) and immediately put into liquid nitrogen and stored at -80°C. This study was approved by the Ethics Committee in the Second Affiliated Hospital of Anhui Medical University. All patients offered their informed written consent.
extraction of rna from fresh frozen tissue and synthesis of the first-strand cDNA
The total RNA from ∼150 mg to 200 mg fresh frozen tissues was isolated by phenol extraction. The amount of extracted RNA was weighted by Nano Drop Spectrophotometer, while Agilent 2100 Bioanalyzer was applied for monitoring RNA integrity after subsequent digestion by DNaseI. Then, 1.0 μg of total RNA was reverse transcribed by using the High-Capacity cDNA Archive Kit.
Quantitative real-time reverse transcriptasepolymerase chain reaction assay
The differential expressions of the genes in tumor tissue matched to normal mucosa of CRC samples were assessed by quantitative real-time reverse transcriptase-polymerase chain reaction (qRT-PCR) assay. Human QuantiTec Primers Assay was applied for the determination of PER1, PER2, PER3, CRY1, CRY2, and TIM. All qRT-PCRs with a 25 μL final volume and three replicates were performed on a QuantiFast SYBR Green PCR kit and run in an ABI PRISM 7700 Sequence Detection System under conditions at 50°C for 2 minutes and 95°C for 10 minutes, as well as 40 cycles at 95°C for 15 seconds and 60°C for 1 minute. The threshold cycle (C t ) values were acquired. Expression levels of the target genes were normalized by glutaraldehyde-3-phosphate dehydrogenase housekeeping control gene, 21 and the relative amount of mRNA in each target gene comparing with glutaraldehyde-3-phosphate dehydrogenase was calculated by average 2 -ΔΔCt method. 22 The results are shown in Table 2 .
Microsatellite instability
The Bethesda panel of microsatellite (BAT25, BAT26, D5S346, D17S250, and D2S123) was applied for the microsatellite instability (MSI) analysis, which was evaluated by means of multiplex PCR and polyacrylamide gel electrophoresis analysis. Then, the tumors were accordingly classified into the following categories: microsatellite stable, low microsatellite instability (MSI-L), and high microsatellite instability (MSI-H). 23 
statistical analysis
The SPSS Statistical Package was used for the statistical analyses. Comparing with gene expression levels of the normal mucosa, those from the adjacent CRC tissues were calculated by the formula 2 -ΔΔCt , with the reported values of median, 25th percentile (Q1), and 75th percentile (Q3 
Results and discussion
The expression levels of the core clock genes (PER1, PER2, PER3, CRY1, CRY2, and TIM) from 19 paired normal and colon cancer tissues were evaluated, in order to identify those differentially expressed in primary CRC. Figure 1 presents the relative expression levels of clock genes in CRC tissue samples according to the data in Table 2 . Comparing with normal tissue after normalizing to 1, the following five genes in the tumor samples were down-regulated: PER1 (median =0.42, Q1-Q3=0. 24 The association between gene expression levels (PER, CRY, and TIM) and clinical and pathological features, such as patient age and sex, tumor location and stage, and MSI status, is listed in Table 3 . A significant association was observed for the CRY1 and TIM genes. In particular, lower expression level of CRY1 in the tumor mucosa was found in the 68-75year-old subjects (P=0.026) and female patients (P=0.005), whereas higher expression level of CRY1 in the tumor mucosa was found in cancers located in the distal colorectal segments (P=0.015), which was confirmed by Spearman's correlation (r=0.521, P=0.02, slope =0.519) ( Figure 2 ). submit your manuscript | www.dovepress.com
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Wang et al A significant association could be observed between high TIM mRNA expression level in tumor mucosa and stages III-IV (P=0.005), involving lymph nodes (P=0.005), in particular, of proximal lymph nodes (P=0.013), and DNA mismatch repair proficiency and MSI (P=0.015) ( Table 3) .
CRC patients with lower expression of PER1 (P=0.010) and PER3 (P=0.010) in the tumor tissue showed significantly poorer survival rates, according to the Kaplan-Meier method for the analysis of censored data. No statistically significant decrease in survival could be evidenced in patients with low expression level of PER2 (P=0.143), CRY1 (P=0.143), CRY2 (P=0.236), and TIM (P=0.491) in the tumor tissue ( Figure 3) .
The core clock genes drive and activate downstream clock-controlled genes and the control of tissue/organ function. 24, 25 In addition, altered expression levels of PER and CRY genes have been evidenced in intestinal biopsies of diseased intestinal segments of patients affected by ulcerative colitis and Crohn's disease, and inflammation is considered to favor the development of neoplastic disease. Considering the reported involvement of the circadian clock in several cancers, qRT-PCR was applied to examine the expressions 
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Pathological features of colorectal cancer patients of PER1, PER2, PER3, CRY1, CRY2, and TIM in CRC and matched normal colorectal tissues. The expression level of some clock genes in tumor tissue was found to be significantly decreased, as in the case of PER1, PER2, PER3, and CRY2, whereas that of TIM (P=0.044) was higher, and poorer survival rate was associated with lower expression levels of PER1 and PER3 in the tumor tissue in a statistically significant way. Our results are in agreement with previous reports describing alterations in the expression of clock genes in CRC. In particular, the decreased expression of PER genes seems to be most relevant for the process of oncogenesis and tumor progression. PER1 and PER2 are related to the pathways for ATM-Chk1/Chk2 DNA damage response, β-catenin modulate, and proliferation of colon and noncolon cancer cells. In contrast, clock function may be altered by intestinal tumorigenesis, leading to increase in β-catenindestabilizing PER2 protein. PER1 could directly interact with ATM in vitro as a response to radiation. In mice, PER2 mutation would result in change in the temporal gene expression for regulation of the cell cycle and tumor suppression (C-MYC, CYCLIN A, CYCLIN D1, GADD45A, and MDM-2), DNA-damage response deregulation, accelerating intestinal polyp formation in APC Min/+ mice, and increase in neoplastic growth. 26, 27 We found no statistically significant difference in the CRY1 expression level between CRC and matched normal tissue. CK1ε phosphorylates PER and CRY proteins and β-catenin, thereby facilitating their ubiquitination and proteasomal degradation. In vitro and in vivo studies strongly confirm that CKIε is a key factor in the early stages of tumorigenesis, predisposing to colon cancer. As tumor cells have more dependence on the kinase activity of CK1ε than normal ones, a specific kinase inhibitor to CK1ε could induce tumor cell-selective cytotoxicity. 28, 29 A correlation between low expression of PER1 gene and liver metastasis and the relationship between high expression of PER2 gene and significantly better outcomes were reported in a previous study. 30 In our study, CRY1 mRNA expression levels in tissues of CRC were significantly related to patient age (with the lowest levels detected in the age range of 68-75 years), sex (with the lowest levels detected in female patients), and cancer location (with the highest levels detected in tumors located in the distal colon).
The clock gene machinery, which controls the system functions of hepatic, intestinal, renal detoxification, and xenobiotic detoxification, exhibits circadian variation of activity, determining time-dependent toxicity of xenobiotics and drugs. Time-of-day-dependent variation in drug toxicity, metabolism, and effectiveness provides the basis for the specific 24-hour period timing of drug administration during the chronomodulated cancer chemotherapy of advanced-stage CRC.
For example, diurnally active patients deliver oxaliplatin in the afternoon and fluorouracil and leucovorin at night. 31 For the sex dependency, female CRC patients have been reported to have shorter survival and greater toxicities, according to European Organization for Research and Treatment of Cancer (EORTC) Chronotherapy Group trial. 32 The male and female mammals (including humans) have different xenobiotic detoxification and metabolic pathways. The change of sexual dimorphism in hepatic drug metabolism could be observed in double mutant CRY1 -/-CRY2 -/male mice. Once the CRY genes are inactivated, the male and female mice have similar expression levels of sex-specific liver products, such as several cytochrome P450 enzymes. 33 By transferring this evidence to humans, it could be suggested that the decreased expression level of the CRY1 gene in female CRC patients might lead to the different median survival and the increase in the toxicity after the administration of chronic-modulated chemotherapy. Comparing with the normal mucosa, the TIM mRNA levels observed in the CRC tissue were significantly related to American Joint Committee on Cancer (AJCC)/TNM stage (highest levels in TNM stages III-IV), lymph node involvement (highest levels in the case of positive lymph nodes, especially proximal lymph node involvement), and MSI (highest levels in MSI-H and MSI-L). Most of the cytotoxic anticancer drugs would damage DNA and activate DNA checkpoints for approving the attempted DNA repair, which is important to the survival of the cells. However, the cytotoxicity of anticancer drugs may be reduced. For ATM-dependent Chk2-mediated signaling of doxorubicin-induced DNA double-strand breaks, TIM plays an essential role. Moreover, the arresting of doxorubicin-induced G(2)/M cell cycle would be significantly attenuated by downregulation of TIM siRNA, sensitizing cancer cells to doxorubicin-induced cytotoxicity. Hence, the variation in drug sensitivity could be predicted by TIM mutation in human cancers. In order to enhance the cytotoxic effectiveness of chemotherapeutic drugs for activating DNA response pathways in cancer cells, the TIM inhibition becomes a potential novel target for anticancer drugs. 34, 35 In our study, TIM expression was also significantly associated with MSI. Approximately 15% of CRCs are diagnosed by defects in mismatch repair system of DNA, leading to MSI and generating many substitution, insertion, deletion, and mutations. As mainly targeting to the microsatellite sequences, these mutations could lead to reading frame variation, further resulting in truncation or alterations in protein. The mRNA expressions with such frameshift mutations could be decreased with the presence of premature stop codons, leading to some mutant mRNA degradation via the nonsense-mediated decay pathway. 7, 36 As better outcome with irinotecan-containing regimens was shown in MSI-H tumors than with 5-fluorouracil-containing treatments, the MSI status of CRC patients could affect the response to adjuvant chemotherapy. 37 In MSI-H and MSI-L patients, the increase in the TIM expressions may be associated with the tumorigenesis process in CRC and reduction in the response to adjuvant chemotherapy. submit your manuscript | www.dovepress.com
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Conclusion
In conclusion, there are differences in the expression levels of PER, CRY, and TIM genes in CRC tissues compared with matched normal ones, and the altered expression might influence the process of carcinogenesis and various aspects of host-tumor characteristics and interactions.
